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This application clainms the benefit of US. 5 Provisional Application No.
60/ 255, 5380 0t/442¢31 Decenber 14, 2000. Background of the |POBRUSIIGITS4SN t he
operation of electrical equipnment, it 10 is usually desirable to insulate
certain of the conponents’ from which such equipnment is made. Insulation
of a conponent is beneficial for the purpose, for exanple, of reducing the
energy consunption of the conponent,qﬁﬁ?%Pntrolling the 15 operating range
of the conponent. Various materials haveeen used in the past to insulate
el ectrical conponent sHIGHdDEXSHPY eBOBYINORE FOAMt HEPWRABIP®! yur et hane foam
fl uorocarbon polyners, 20 and solid polyimde. Each of these naterials
exhibits certain limtations when used as, insulation, however.

Pol yur et hane foam foFRiekaRN e Cafded oy £ fienafdipafatiure resi st ance,

and is thas nmetowssdilorsl tahifidfativse NO1 &0Yi2gh , Eegperatieke environnent .
Solid 25 quE{ocarbon pol RS are characterized by | ow nmnechanica
properties amfEHgn Toeffi%%ent of linear thermal expansion, and foaned
fl uorocarbon polyners have relatively | ow nechanical strength. Solid

polyi m de, d | i rrenpgt h and 30 tenperature resistance,
does not havﬁéﬂhgséiu fsld |§€%E1%QE constant. In JP 2000-119, 437-A, a

pol yi mi de foam havi ngin &l resianptgfory g ef tgricwed ieslugioasaited Wy adding to
a 35 polyi mide JBid, GRSrildad1ed vy GHesRhREeSRaduCeE them
components from which such equipment is made.
Insulation of a component is beneficial for the
purpose, for example, of reducing the energy
consumption of the component, or controlling the
15 operating range of the component.

Various materials have been used in the past

to insulate electrical components, and examples of some
of them are polyurethane foam, fluorocarbon polymers,

20 and solid polyimide. Each of these materials exhibits
certain limitations when used as insulation, however.
Polyurethane foam, for example, does not have high
temperature resistance, and is thus not well suited for
use in a high temperature environment. Solid

25 fluorocarbon polymers are characterized by low
mechanical properties and a high coefficient of linear
thermal expansion, and foamed fluorocarbon polymers
have relatively low mechanical strength. Solid
polyimide, despite its mechanical strength and

30 temperature resistance, does not have a usefully low

dielectric constant.

In JP 2000-119,437-A, a polyimide foam having
a density of 0.05~0.4 g/cm’ is prepared by adding to a
35 polyimide matrix gas-filled microspheres produced from

glass, carbon or other inorganic substances, or from



gl ass, carbon or other inorganic substances, or from - 1 WD 02/48243
PCT/ US01/ 47545 resins or other organic polyners, followed by heating of

t he m xt weo2/Beé¢ause of the presence in the foam howevePCT/OR0141845at eri al
fromwhich the mcrosphere is nade, the foamhas a dielectric constant
that is too 5 high for it to be useful as insulation for an electrical
conponent. A need thus still exists for a material that is appropriate for

use as insula clrlca onent sesses an
advant ageous %‘%@1 larhce o%%%énre d{eia c‘blplo oprge?srtlefg)ll%‘”f%% l:‘gfe)@ean T8und t hat
hi gh-density mtbrtrwmnadmne poI )Bemadesef thMamnteaSm ItﬁEiﬂfaIéiHDn for an

el ectri cal COURRARIY, & A dla emenalive deskal el il

mechani cal strengt el ectric constant. Brref Sunnary of

the | nventi oftade orfdadinadt hahiss cilrﬁﬂ@rﬁm@r? iGoRSItAEE dhatd selt@stri cal

conponent 5I nmga{ %Ib)ita traprbéyuﬁ@l G&s RelglEtded gan that has a density
of about nor e. another aspect, this invention involves a

g/ cnB
25 met hod of ?%ﬁﬁﬁ%ﬂq 99@39%&& ical conponent by providing a
non-syntactic polyimde foamhaving a density of about 0.15 g/cnB or nore,

and applying the —polyi;n deh &4 qamd Oséﬂ[%heéﬁ%ttré A %0%%%%16‘%&

insulation. 30 In yet ano aspect nventron 1 nvolves met hod of
reduci ng t he id emnnqmqlat@)rfsmm&e)raa)fl@uléﬂtéan ifoa agod@raat 0@51

provi di ngpa component and that possesses an advantageous balance of
many desirable properties. It has been found that
high-density non-syntactic polyimide foam, when used as
insulation for an electrical component, displays high
temperature resistance and high mechanical strength,
15 and a low dielectric constant.

Brief Summaryv of the Invention
In one aspect, this invention involves an

20 electrical component insulated by a non-syntactic
polyimide foam that has a density of about 0.15 g/cm’
or more.

In another aspect, this invention involves a
25 method of insulating an electrical component by
providing a non-syntactic polyimide foam having a
density of about 0.15 g/cm’ or more, and applying the
polyimide foam to the electrical component as
insulation.
30
In yet another aspect, this invention
involves a method of reducing the electrical
consumption of an electrical component by providing a
polyimide foam having a density of about 0.15 g/cm’ or
35 more, and applying the polyimide foam to the electrical
component as insulation.



pol yi m de foam having a density of about 0.15 g/cnB or 35 nore, and
applying the polyimde foamto the electrical conponent as insulation. - 2
WO 02/ 48MQ 0PERAIS01/ 47545 |1 n a further aspect, this invRaTUS/47Mb0! ves a
met hod of controlling the range of output of an electrode by providing a
non-syntactic polyimde foam 5 having a density of about 0.15 g/cnB or
nore, and applying the polyimde foamto the electrical conponent as

insul ation. Detail ed Description of the Invention 10 This invention rel ates
to the use of polyimde foamas an insulating material for electrica
conponents. To be suitdyl @ forthss ﬁ@pe§@chtbmSpégeentaOpoﬁyVnﬂdeSfoam\MII
have a densi gy nfdf 160\ %ok%rogll‘ifﬂ% tBe’ rbBGR! 3k BEtB}IEeofaQH may have a
density in 15_the range of about 16 to about ) 10.3 to 20.7
b/ ft3) . ThE&lsetHOsed &Y Pé‘ﬁlv\milélﬁf §u@ﬁnf§¥ﬁtﬁ§t16rgﬁa¥é@1 gntapds t he

cEaracten;ﬁthgv1§@hERd@5F1g@oag a%%uasoalblgeam Qﬁdﬁ?ﬁgOQMQi;c uni t aleng
the main chain t he po a t ai or xanpl e
from the r6aBPPONiGE HcPBINAELoEatPata hok e ELREPE Cor ERPPEEEBRAI ng
anhydri de oraseaheml@&npmatlve thereof, with an aliphatic or aromatic 25

di am ne. The organic tetracarboxylic acid in the form of its diester from

met hanol or ethanol can be reacted with a diamine to forma
pol yani de- acPgtadie s i B 840Be foamed and cured to

provi de the desired @Mi@ m&*%ﬂ8¥3ﬁ f@iates to the use of polyimide
foam as an insulating material for electrical

components. To be suitable for use for such purpose,
a polyimide foam will have a density of about 0.15
g/cm’® (9.7 1b/ft’) or more, and may have a density in

15 the range of about 0.16 to about 0.32 g/cm’ (10.3 to
20.7 1b/ft’).

The polyimide from which such foam is
prepared contains the characteristic -CO-NR-CO- group
20 as a linear or heterocyclic unit along the main chain
of the polymer backbone, and may be obtained, for
example, from the reaction of an organic
tetracarboxylic acid, or corresponding anhydride oxr
ester derivative thereof, with an aliphatic or aromatic
25 diamine. The organic tetracarboxylic acid in the form
of its diester from methanol or ethanol can be reacted
with a diamine to form a polyamide-acid/ester
prepolymer which can then be foamed and cured to
provide the desired polyimide foam.
30
The tetracarboxylic acids preferably emploved
in the practice of the invention, or those from which
derivatives useful in the practice of this invention

may be prepared, are those having the general formula:



The tetracarboxylic acids preferably enployed in the practice of the

i nvention, or those fromwhich derivatives useful in the practice of this
i nventi owOnmys2ke prepared, are those having the general POTAROIA7SS WO
02/ 48243 PCT/ US01/47545 O O3 11 Il 2 ROCCOR RMOC "CORL Il Il O
O wherein Ais a tetravalent organic group and RL to R4, inclusive, are
each selected fromthe group consisting 5 of hydrogen and | ower al kyl, and
preferably nmethyl, ethyl or propyl. The tetraval ent organic group Ais
preferably one having one of the fpllogi ng structures: ):Xor or 10
wherein X is one or nore of the folil owlng: ,0 Il -C, 15 -0-, -S, -SQ2-,
-CH2-1 -CH2CH2-, or CF3 -- GR@3C prerdPRed anong the tetracarboxylic
acids and derivatives thereof is 3,3A.4,4'-penzophenone tetracarboxylic

acid and its correspondi ng Iowﬁk%aﬁkylﬁ—4jn WO 02/ 48243 PCT/ US01/ 47545
O O

wherein A 1s a tetravalent organic group and R! to R4,
‘inclusive, are each selected from the group consisting
5 of hydrogen and lower alkyl, and preferably methyl,
ethyl or propyl. The tetravalent organic group A is
preferably one having one of the following structures:

JeOReC
orC

10
wherein X is one or more of the following:
O
[}
_C_.’
15 -0-, -8-, =8S053-, =-CHy-, -CHyCH;-, or
s
__(Ij__.
CF;

Preferred among the tetracarboxylic acids and
derivatives thereof is 3,3',4,4'-benzophenone

tetracarboxylic acid and its corresponding lower alkyl

-4 -



(preferably lower dialkyl) esters. Al so useful are aromatic dianhydrides
such as pyronellitic dianhydride (PMDA), 3,3'4,4'-biphenyltetracarboxylic
di anhydr ivd@ 02/48RDA), and any other rigid aromati c di anhydPCTOESOIHTBESSt
results frequently occur when BPDA is used as the dianhydride conponent.
As an organic aromatic diamne, use is preferably nmade of one or nore
aromati ¢ and/or 10 heterocyclic diam nes which are thensel ves known to the

art. Such arog i ] : r d by .t t ture:
ON RN W e Sl BB B ot At R e pon
atons and comrEmgEtng Wi amhy drisldsetsarah @somvinenteld ity diemdvidetidleo at om
bei ng 15 sel eghgh)f r { r Iﬁgﬂgi i =N s -aﬁﬂg, - Al so

i ncl uded herein aRé ?ﬂgggﬁég q%%hps_mﬁ%%g?%a%%?ﬁgi%érng endFﬁgg group or a
di pheny! net haf@¥roupnd Raps é%é’rﬂ%ﬁ%doﬁr%@ﬁlﬂﬁ %@@@gd&rﬂ@.y -

2, 6-di am popWdsd 20 3 FrQBMARY [dodhuie whan3 brdiratishedidahery kkheul f one
4,41-dianinog*ph nfi. | fone 4,41-di am nodi phenyl sulfide

3, 3' -di ani no Jﬁﬁgﬁyrl Sh&PBWTE - di ani nodi phenyl ether neta- phenyl ene

di am ne para-phenylene diamne p,p -nethylene dianiline 2,6-diamno

toluene 30 2, 4-di am no A Ol HENG-gah il RireHa t8 %2R 61 e 2 RQ ¥igm de prepared

by a solution imdization process is a rigid, aromatic 35 polyimde
conposi ti on BEATRFAHY meda Afhgamior more aromatic and/or

10 heterocyclic diamines which are themselves known to the
art. Such aromatic diamines can be represented by the
structure: IhNFRF-NHz, wherein R® is an aromatic group
containing 5 to 16 carbon atoms and contalning up to
one hetero atom in the ring, the hetero atom being

15 selected from the group coneisting of -N-, -0- and -S-.
Also included herein are those R® groups wherein R® is
a diphenylene group or a diphenylmethane group.
Representative of such diamines are:
2,6-diaminopyridine

20 3,5-diaminopyridine
3,3'-diaminodiphenyl sulfone
4,4'-diaminodiphenyl sulfone
4,4'-diaminodiphenyl sulfide
3,3'-diaminodiphenyl ether

25 4,4'-diaminodiphenyl ether
meta-phenylene diamine
para-phenylene diamine
p,p'-methylene dianiline
2,6-diamino toluene

30 2,4-diamino toluene.

A typical example of a polyimide prepared by a
solution imidization process is a rigid, aromatic

35 polyimide composition having the recurring unit



5 WD 02/48243 PCT/US01/47545 OO Il Il R6-Nc :l: I (¢ N \CC II Il
OO Nwhere R6 is greater than 60 to about 85 nole percent paraphenyl ene
di ami ne WePRI4nits and 15 to less than 5 40 nol e % nepP@pliseiyd784se
diamne ("MPD') units. Polyimde conpositions having 70% PPD and 30% MPD
are often preferred. In addition to other nethods known in the 10 art, a
polyi m de nmay al so be prepared fromthe reaction of a polyisocyanate and a
di anhydri de. The process by which a polyimde is prepared nmay vary
according to the identi of the mononers from 15 which the polyner is
made up. For exanple, en an ajfji phatic di am ne %nd a|tetracarboxylic acid
are polynerized, the nomer s €Qr maco e t at | anbi ent tenperature.
Heating of such a react{omR6_mKtur ate}&gﬂrerature of about

100- 150C 20 yi el ds | ow frol'ecul ar, w» rs/ and these oligoners may
in turn be transfornmed {nto higfer °r me‘ght pol ymer by further
heating at an el evated|tenperagure of about 240350C| When a di anhydri de
is used as a nmonomer in&tead of a 25 tetracarboxylic -agid, a solvent such
as dinethyl acetam de or N-nethyl pyrrolidinone is typically

where R° is greater than 60 to about 85 mole percent

paraphenylene diamine (“PPD”) units and 15 to less than
5 40 mole % metaphenylene diamine (“MPD”) units.

Polyimide compositions having 70% PPD and 30% MPD are

often preferred.

In addition to other methods known in the
10 art, a polyimide may also be prepared from the reaction
of a polyﬁsocyanate and a dianhydride.

The process by which a polyimide is prepared

may vary according to the identity of the monomers from

15 which the polymer is made up. For example, when an
aliphatic diamine and a tetracarboxylic acid are
polymerized, the monomers form a complex salt at
ambient temperature. Heating of such a reaction
mixture at a moderate temperature of about 100~150°C

20 vyields low molecular weight oligomers, and these
oligomers may in turn be transformed into higher
molecular weight polymer by further heating at an
elevated temperature of about 240~350°C. When a
dianhydride is used as a monomer instead of a

25 tetracarboxylic acid, a solvent such as
dimethylacetamide or N-methylpyrrolidinone is typically
added to the system. An aliphatic diamine and
dianhydride also form oligomers at ambient temperature,
and subsequent heating at about 150~200°C drives off

30 the solvent and yields the corresponding polyimide.
An aromatic diamine is typically polymerized with a

-6 -



added to the system An aliphatic diamne and dianhydride also form

ol igoners at anbient tenperature, and subsequent heating at about 150-200C
drives ofWo8D4&2e sol vent and yields the correspondi ng poP@T/BaiEt7545An
aromatic diamne is typically polynerized with a - 6 WD 02/48243

PCT/ US01/ 47545 di anhydride in preference to a tetracarboxylic acid, and
in such a reaction a catalyst is frequently used in addition to a solvent.

A nitrogen-c nt%#gh%gggai pé?lQ% BF%rt%th% éggggﬁgr 2és?g§& be used as

such a 5 cat ger heat I'n pol yneri ze
an aronatic amdnunesubh aheebamaQMI@nC@taéyspohyeﬁheQURndéyfuaﬁﬂalblsphenol

and a dini trobissinhdecs Lhefisphenoxihdg;sabbent cbheaRhspRenakels first
R e i

obtained by treatnment with caustic so an 10 azeotropic
dlstlIIatlonpbéﬂ@%tQﬁnaﬂﬁéoéﬁﬁy@r@@§er5ﬁ§§h@ﬁﬁxb§eu§§ﬁtaSHé&th@ t he

bISDhen0X5decé@qu§ th@n%@&lb@@ﬁb@bnbﬁehéhtahguma§0anﬁeeaea sgl vent
yi el ds the polﬁ eri nmde

rio nmet hods of ng. foam from a
pol yi mi de ar &° R e ﬁ&rgéﬁgﬁﬁﬁe an™ g#ﬁa PEngPPQCSFbﬁxyllc
acid in the b@ﬂgboheammaﬁbyﬁromlasbesphbﬁbéohndrepéiadtrbbnsémadple from
met hanol or h%&%@hgﬁ%xﬁﬁer%?%E?%f“kk@ 89§Pﬁén89rfﬁa%9ggE'C and/or 20

heterocycllc anln € cOorrespon e-aci d/ ester
prepol yner, wbtahnednbvhéﬁebémeﬂ@aWé@haﬁduéQiédSP@aprﬁvlaéwﬁﬁebﬁeénred

p0|y'”‘qg)fOQEbotEBpEBedRE%Eﬁﬁ%Eh%ﬂ eb bB@a@ﬁGBHEYHEEydEBﬁs tetracarboxylic
acid derivative, usual In form of the diester, isr acteg wth the

di ani ne(s) aplﬁph€€ﬁ§é§§tﬁﬁétbeloﬁeﬁﬁéngthﬁxb%@H%@FQ?&@@ §f Fh@n

the dinitrobisimide at about 80~130°C in a solvent
yields the polyetherimide.

15 Various methods of preparing foam from a
polyimide are known in the art. For example, an
organic tetracarboxylic acid in the form of an alkyl
diester thereof prepared, for example, from methanol or
ethanol may be reacted with one or more aromatic and/or

20 heterocyclic diamines to form the corresponding,
polyamide-acid/ester prepolymer, which can then be
foamed and cured to provide the desired polyimide foam.
In the preparation of the prepolymer, the
tetracarboxylic acid derivative, usually in the form of

25 the diester, is reacted with the diamine(s) at a
temperature below the reflux temperature of the
reaction mixture. The prepolymer may be formed as a
low-molecular weight polyamide-acid/ester, which can
then be heated to complete the polymerization reaction.

30 The prepolymer can thus be in the form of a liquid or a
solid having a low-molecular weight, so long as it is
capable of being converted by further reaction to a
high-molecular weight polyimide polymer.

35 Alternatively, a monomer mixture composed of

an ester of benzophenone tetracarboxylic acid and an



reaction mxture. The prepolyner may be fornmed as a | ow nol ecul ar wei ght
pol yam de-aci d/ ester, which can then be heated to conplete the

pol yrer i 0@ bv#s2eeacti on. 30 The prepol ynmer can thus be i nP€hESIIBI7M50f a
liquid or a solid having a | ow nol ecul ar weight, so long as it is capable
of being converted by further reaction to a high-nolecul ar wei ght
polyi m de polyner. 35 Alternatively, a nononer m xture conposed of an

st er O benzgehienane bl G ALbaXy g cActcand: Bllre nds HOB2LEE

PCT/ US01/ 475 aronmati amne in e mxture a vogatlle
content of aconsgst 9@)#§y1§ésﬁe§re@avob§ heppefatare teMPRKREHTRoan ng

occurs cont epROLARRAUFHLYE MM hotclaﬁrsp@bylmmpé%heeugﬁytmtﬁsmé and
pol yam ne conpgnents 5 uynti I mde a or me as nore

partlcularIyp@ég@@FﬂéétFﬁnungt@§4e§%§r ﬂﬁﬁcﬁoigamﬁﬂéoFB@PQF@Htﬁs a part
hereof . I%m anefher theopedytieida Fosmuie @brakedn aesmbge 10 added to an

al cohol i ¢ solution_of the _half .ester e phe one nt & arboxylic acid
and reacted X6* tfg§%§§EY(§§S§§é%eéo Fo&§1§’ﬁégvg erp wh % heated in
a circul ati ngnaiorpovrenedt a880FpE82. R€rebdr. about 1216 hours follomed by
drying in a vacuum oven 15 at 176194F (80-90C) for 60-90 m nutes.

Thereafter the polyimde precursor is pulverized into a powder which is
spread over an al um AimeRGthesn DEPCadUREnum THFAUECaRd Rdaré@est 1600F

(315.6C)10n akaewerof ah 30comonyiesotatpbadygethBenhogmes2@rl Bra simlar
E;Ogﬁgﬁggieg %ng%b en%%gc%giggca%%oxyalzogggg ggdaggggtegea%ane manner may
158~167°F (70~75°C) to form a heavy syrup which is

heated in a circulating air oven at 180°F (82.2°C) for
about 12~16 hours followed by drying in a vacuum oven

15 at 176~194°F (80-90°C) for 60~90 minutes. Thereafter
the polyimide precursor is pulverized into a powder
which is spread over an aluminum foill on an aluminum
plate and heated at 600°F (315.6°C) in an oven for 30
minutes to produce the foam.

20

In a similar procedure, the dried precursor

powder formed in about the same manner may be subjected
to a multi-stage technique in which the powder is
placed in a pressure vessel positioned within an oven

25 preheated at 232.2°C (450°F) and held at this
temperature and at a reduced pressure (19.9~9.9 inches
of Hg) for 15-30 minutes. The resulting foam may then
be postcured at 315.6°C (600°F) for 15-30 minutes in a
circulating air oven.

30

Microwave radiation may be used for converting

a polyimide precursor into a cellular structure which
normally is then subjected to final curing in a thermal
oven. The precursor may be used in the form of a

35 powder formed by spray drying an alcoholic solution of

the monomers, or may range in form from a liquid resin



to a multi-stage technique in which the powder is placed in a pressure
vessel positioned within an oven 25 preheated at 232.2C (450F) and hel d at
this temweozsazsr and at a reduced pressure (19.9-9.9 incheBUSaf4754) f or
15-30 mnutes. The resulting foammay then be postcured at 315.6C (600F)
for 15-30 mnutes in a circulating air oven. 30 Mcrowave radi ati on may be
used for converting a polyinide pr ecur sor into a cellular structure which

normal Y Ts khen Siblenbedl optlnah i ipgin @lbper”aghg°$%ecule

precursor may be u orn1o or me spray grylng an
al cohol i ¢ solai &e @flaceﬁelﬁoﬁorﬁ@rlgi age ﬁrﬁ§eﬂf5ﬁ§elnnaf @FWPW@W\ea l'i quid

resin - 8 @@h@%&4%§é§aE§E©U§Qlé4ﬁ%ﬁ@ert%ﬁalﬁp&@@dﬁﬁ|e past el i ke

formul ation. The p recursg Gﬁglaced in a kgvand inserted in a

m crowave caVrtyUSFerate §Sa?n§ FoRAEE &P F62Tolikiy CPRESTBPEAHFSHF nel ts
and starts tgdlgaeriizbliicanbadpenaieouso a gobynerization and curing to a
foam Yet another nethod of preparing a polyimde foaminvolves reacting

an imdocaproic acid nononer with a dianine. The im docaproic acid nononer
is 10 prepared by re¥et agoiheat meddodoxyf peepeirdndi anbpdyiidédeni t h

caprol act am igfy 44, * %bb@v% gbéEﬁiﬂb'Qﬁ EﬂldBéBbQBQEtéﬁhefmbﬁgﬁekha” about

1:1.5. The resultln%é yI m de_ powder. I's caused foam by heating it to a
t enperature Watthe ﬁ@én€f abdte }Qédpéagﬁgéclﬁcéd1§°§aﬁ§Felﬁold The

resul tingo f opebheel by E@é&t‘iﬂb‘ al r&fe@rababbogylibeabsdotildﬁayagdde
thi ckness. C%Q%% %%%Q% champagparlg 1 %%ighgghgarld%r%o
caprolactam of less than about 1:1.5. The resulting
polyimide powder is caused to foam by heating it to a
temperature in the range of about 150° to 320°C in a
15 square mold. The resulting foam block is then cut

into slabs or sheets of desired thickness.

Other methods of preparing polyimide foam are
described in US 3,249,561, US 4,177,333, US 4,241,193,
20 US 4,296,208, US 4,315,076, US 4,332,656 and US
4,639,343, each of which is incorporated as a part
hereof.

In systems generally such as those described

25 above, a cellular structure is developed because of the
evolution of condensation volatiles that are generated
in situ by the high-temperature imidization reaction.
For example, when using a lower alkyl ester of a
tetracarboxylic acid, the resulting alcohol produced in

30 the reaction as well as the water released during the
reaction are both produced in vaporous form. These
volatile gases are entrapped within the polyimide
matrix and, upon stabilization, produce a foam having a
homogeneous cellular structure. Foams with larger

35 cell size may be obtained, however, by the further

incorporation into the reaction mixture of a solid



described in US 3, 249,561, US 4,177,333, US 4,241,193, 20 US 4,296,208, US
4,315,076, US 4,332,656 and US 4, 639, 343, each of which is incorporated as
a part woewis24in systens generally such as those descri bedus@n7atsove, a
cellular structure is devel oped because of the evolution of condensation
vol atiles that are generated in situ by the high-tenperature imdization
reaction. For exanpl e, mhen using a |l ower al kyl ester of a

Let racarboxyld £,,a0idladdif rastl 00 Al eohaly hradured ddihdd Jaast i on as
wel | as the water | e sed urlngt reac I'on are bo uce
vaporous for hydrazide vtatdthermses dpsceiedppedSnid M7 rfﬁt%é [\ed] ;HSm de

matrix and, upofosiedY | iLpid s WodCEs adQamdiaidiy & hHymgeneous
cel lular structure. Foans With larger 35 cell size may be obtai ned,

however, by {HEYUF ¢ her incorporation into the reaction m xture of a solid
- 9 WD 0B/48243 PCT/ US01/ 47545 bl ow ng agent such as azodi car bonam de,
t ol uenesul f onyl hydrqa% j?e% or_ot hercg as_describ 4,476,254 or US

t

4,506, 038, each of wh Tn%%r‘f)%? ké%lr%llsn lspdﬁfef?é:re f£0 % Fhe foam as
used herein iron-sfwrrartio amm bemﬁu%yr&racm@yfwmebémsélaanylmol yi m de

f oam havi ng Nes %%_r Sescrivhed i SACERL
syntactic foé%?gnay eu eafg .% pur pose of 10 E%%%%gglng an efgctrlca
conponent . | XA ioh fanmy W%rﬁ%§lﬁfé£cﬁqlbéﬁl%mq8@ WHi ch gas is
evol ved dyri nighgaicirainee e te Rfc thiecd 11 dhigadri @it . eaatd %@dl@ﬂ@ﬂf tesef ul

non- syntacti Cf fa?n?rglss t eesrcerfl (& Ia Ccl\yedelr} rx]/v X IPr %par1% e\%)lved during

advancement of the imidization reaction, other useful
non-syntactic foams therefore include those prepared by
the (i) thermal decomposition of a chemical blowing

15 agent, (ii) mechanical whipping of gases into a polymer
matrix, (iii) wvolatilization of a low-boiling liguid
within a polymer matrix, or (iv) expansion of a gas
dissolved in a polymer matrix upon the reduction of
pressure in the system. A foam prepared by any of the

20 foregoing methods is a non-syntactic foam because the
cells of the foam result from the dispersion in a
polymer matrix of a gas in the form of the gas bubble
itself, and the gas is not contained within any type of

shell or other structure.

25
By contrast, a syntactic foam (also known as
a spheroplast) is prepared by mixing with a polymer
matrix hollow spherical particles (known as
microspheres, microcapsules or microballoons) that
30 éontain a gas. The shell structure of the gas-filled

spherical particle is typically made of glass, carbon,
metal, ceramic or polymer, which material is typically
different from the material from which the polymer
matrix is prepared. A syntactic foam is thus

35 considered a physical foam, and the presence of the
structurally stable spheres creates a closed cell foam
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the (i) thermal deconposition of a chem cal blow ng 15 agent, (ii)
mechani cal whi pping of gases into a polynmer matrix, (iii) volatilization
of a |l owwonrusrgliquid wthin a polymer matrix, or (iv)PERPansi7’sss of a
gas dissolved in a polynmer matrix upon the reduction of pressure in the
system A 'foam prepared by any of the 20 foregoing nethods is a
non-syntactic foam because the cells of the foan1resu|t fromthe

di spersion i of A %?ﬁi it bl e
itself, and the ga@é(lyﬁtoﬁ%géﬂg%(al ned %%lgg%ga% Tso L191acsd(%§ri%(;t her
structure. 255®y wemtamsmsw aimmdiat %a?ﬁ@(@r%a%nmp@éﬂe%fspher opl ast)

i's prepared QYoW@x)‘éf‘,g H&éath% Hﬂié’fﬁ?dfeséf&té io€ oW sRRheldsal particles
(known as nlcro%Eheres m cr ocapsul es nlcroballoon that 30 contain a

gas. The shelMiTiR} uite Wi the (@ -1 Iq foggh &t &he 4@ s typically
made of gbasshelkll biditredissalthes etiasli e i P @opiEian tMaifc k i tfyanaltd s
typically different frt%#hg mat-erial fromwhich the polynmer matrix is
prepared. A s t%@cfcxf 9 etHeLils 35 consi dered a physical foam and the
presence of the structurally stable spheres creates a closed cell foam -

10 WD 02/ 48243 PCT/ Lﬁp]ﬁ RE %NIC}S qiétf&ﬂgt& a%%%ﬁ%ﬂj fgqgm i's not

suitable for use as |nsu atl on e ectri cal however ,
because the praseHase dfhen HHetsdr @d@iédlﬁs tommrerege |fr@a@méns>$§{aémqrn the form

of the spberigdcie &hed!l | weew%ﬂ&%t@gell@,c@lu@ﬁ@n&&@tfda&n thedwam to

an unacceptabl e | evel r m af | y high
P eto eun?lfor P 1Ocdeusc%ra 581 ocaife dfe%aire% t%lc nteas% y 9
Any conventional slicing method may be used. If

desired, the form can be originally foamed into sheets
or "thin blocks" of the desired thickness. However,

15 because these directly formed sheets tend to be
irregular in thickness, have surface skins and somewhat
irregular densities near their outer surfaces, slicing
from larger blocks or buns is generally preferred.

20 Next, the foam sheet is placed in a mold
having the desired final configuration. Any suitable
molding apparatus may be used. Typical molds are

those in which the foam sheet is placed on the platen
or in a female mold half, then another platen or a male
25 mold half is moved into position with the foam sheet

somewhat compressed therebetween.

After the mold is closed and/oxr pressure is

applied to compress the foam sheet to the desired

30 extent, heat is applied to cure the foam and set the
foam in the desired shape. The foam may be compressed
to any desired extent, over the broad range of from
about 0 to 99% of original thickness. The foam may be
uniformly compressed, or different areas within the

35 molded structure can be compressed to different
degrees, as desired. In general, greater compression
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density, the first step is to prepare foamin slab or 10 block form The
second step is slicing the foamblock into uniformslices or sheets of
desired tWidok#sxs. Any conventional slicing nethod nay bRCT®S8U/47545
desired, the formcan be originally foamed into sheets or "thin bl ocks" of
the desired thickness. However, 15 because these directly forned sheets
tend to be irregular in thickness, have surface skins and sonewhat

irregular de ”ﬁﬁﬁﬁ S r bl ocks
or buns is gg'?liefr%%lsyggﬁef%?%ecf ng]ﬁi@s%ro Othure&g:t I'S pr%ace ina nold
havi ng the dextwricessien veidnf inpautt ol aArBehan.aplcxre fdlakiifg afjs@at us nay
be used. Typ';ﬂ‘a?éddf@& st Qilefféﬂ!éi‘ﬁ@ A1y W T he o sheetrigipl aced on the

platen or in femal e nol t hen another_ | aten_or..a male 25 nold

hal f is rmvedi’lic?ﬁlb“po%l?aﬁacﬁ%%sﬁlﬂ?e Cf%rh%ﬁ’éé%”%&ﬁﬁ%é EsRsiessed
t her ebet ween.dft@ds tde domgdsS idrpsied i rafa=essur eﬂjss: a:ma ied to

he f h d 0 h d
Che' T oam and S TRE DGR 1 hGHE Fa endpd, Y ' GEmrRy 56 compr bssed

to any IOIeS|hr etk skt haonierg tid diresacdr digensfr farems abo@tnyo to 99% of
original thi cknesgy e AL Dagdil (A Mot LUmiasrd .o 4l ff erent
no g'f

areas within ed structure can be conpresse erent
degrees, as &8¢ diR FFFEh&RAragien &f (Fé??pf%é%i“&ﬁ f—'fofll tIWDWSMS
PCT/ USOL{ 47545 will result in a stl ffer, stronger product while |ess
conpression will result i a soft nor e C{)I exi bl e foam nproduct of

different thickness, S8t zﬂeaRﬁ dﬁ%trﬁhéﬁﬂﬁ 5s can be
varied with ddfetiend for produ01ng the desired degree of curing for

the specific foam being used. With most polyimide
foam sheet materials, the best results are usually

15 obtained when the foam is heated to a temperature of
from about 220° to 320°C for from about 0.5 to 5
minutes. The optimum temperature will vary with the
specific polyimide foam used, sometimes being as low as
170°C and other times as high as 320°C although

20 generally the 220°-320°C range gives best results.

The mold may be heated in any suitable manner.
Typical heating methods include conduction through one
or more of the mold walls to one or more of the major
25 foam surfaces, microwave heating, induction heating or
any combination thereof. In many cases, conduction
heating through one or both major foam sheet surfaces
is preferred, because the surface of the foam in
contact with the heated mold wall will form a tough,
30 moisture impervious skin which is desirable for many
product applications. Heating only one surface will
form a skin on only that side, with the opposite foam

surface remaining essentially cellular.

35 Once heating is complete, the mold is cooled
to a suitable temperature, if necessary or desirable,
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5 degrees of conpression in those areas. Also, the spacing between the
nol d hal ves nmay vary, to produce products having thicker or thinner areas.
Any sui vebbz48m3 d rel ease agent or nold surfaces nmay be POB®SI4ISESSUr e
separation of the product fromthe nold. 10 The foam nay be heated to any
tenperature suitable for producing the desired degree of curing for the
speci fi bc foanlbeing used. Wth nost polyinmide foamsheet materials, the

Pg?r:)e:gfﬂlrteso from % Jaz%?toé@%&lf orLItfHee r%q'%[)gouct'SC g%a%lt %Ogi%rﬁ nut es.

The opti num tiekpeidakiroan |9tnuatpng ofidhe refpdeis ithepslolidaddsamen used,
soneti nes beifig-1asy W @Singl.70C and other tines as high as 320C al t hough 20
generally the 220-320C range gives best results. The nold nay be heated in
any suitable manner. Typical heating nethods include conduction through
one or nbre of the My dig@lds e ORE DN @Esd Ries®] e @AM

surf aces, nicro Ve e heat i i.nduct.i pn, heat i conbi n thereof.

i n many cases r:lyd]un[(\?tc?i r#](%ﬁrbaﬁs ﬁrt?]ﬂ{?lrdo& i q’gl Orshgge%aﬁaj o1 r(Batééia %heet
surfaces i sm@@k&ec&em&aﬁmanwelasmrdmd@rofan led efcranhcad contact with the
heated nol d ‘Q%Apd&&éﬂt form ad108ghy 330 JRISHE® AdIREN WO S iy dahi ch i's

desirable for product applications. Heating only one surface wll
forma skin (ﬂf dﬁ}%/ qarEonse, tniteh iFatlGkResi ve @aﬁﬂowﬁlﬂ ££86 1&mai ni ng

essentialdy oRldmiliay prdeLAE & Attty p@gfe@r@r@tp% ttoh@rraaahl@e Feerled to a

Iigl'l'} ?Jgi)ﬁ / zsgp&gsa&luart%onl fhar\]r%%%s St%ey does ﬂ%%[ s l%Llpee and 1gher %Ze/n%% 43

The type of electrical component that can be

effectively insulated by a high density polyimide foam

15 is not particularly limited, and includes components
such as a radio frequency electrode, a microwave
generator or any other device that uses alternating
current at high power. After being insulated,
components such as these are installed in various

20 articles of manufacture such as a plasma etching
chamber, chemical or physical vapor deposition chamber
to make a semiconductor, or a microwave oven.

In addition to high density, the foam used in

25 this invention for electrical insulation is
characterized by a heat resistance of at least 250°C, a
compressive strength of at least 0.8 MPa at 20%
deformation, or 1.5 MPa at 40% deformation, and a
dielectric constant at 1 MHz, as measured according to

30 ASTM D-150, of 2.00 or less. The dielectric constant
will always be greater than 1 as it is a specific value
determined in comparison to the dielectric constant of
a vacuum, the value of which is 1. A low dielectric
constant is an important quality for insulation to

35 possess when used to insulate an electrical component
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and the product is renoved. The product is a tough, flexible foam
structure which retains the nol ded shape during handling. 5 By use of the
nol di ng pvoorsR4dlescri bed above, a polyim de foamis nol BE€DUSO45545he shape
as needed to properly serve as insulation for an electrical conponent. A
nold i s designed according to the shape of the conponent to be insul ated,
and a lower density 10 foamis pressed into the proper shape to produce

f oamed i nsul at. vy i shaps hj r..density. e type of
el ectrical cgstrrlprg%en j[cﬂ'g?f r(giaalneqbee?'grg’f%f ectl veﬁq.{/kdi%{%@%ttee% b%y gtar%r%tﬁ-&hdensi ty
pol yi mi de fodiesissfanepttpahddinigaly qandusdd,vidng i ncl udes conponents

such as a radio frequency electrode, a mcrowave generator or any other
device that uses alternating current at, high power. After_being insulated,
conmponents such as t hedeoHre STt %qcédlq%%l%gﬁ‘g&?tZG%tieé &9 &

ganuf actuse ﬁ;iﬁi‘lfa&ﬁt@tm’@i%sﬁlsﬂliimg pé:@itﬂﬁi@fg whemicaal, aayphesi cal vapor
eposition ¢ e t o . make .a .sem caondugct ar ramgr ve oven. In

addi i on to eI TP SRR deedras 7ok B e e Eto % or

el ectrical | mmilatiamriison dmarde eliaed das criest prepiesttdmse igf at | east
250C, a cong; |y 15df th of at least 0.8 MPa at 20% deformation, or
1.5 MPa at 40% deformation, and a dielectric constant at 1 MHz, as
measured according to 30 ASTM D- 150, of 2.00 or less. The dielectric
constantigwi || always be greater than 1 as it is a specific value

determ ned in conparison to the dielectric constant of a vacuum the val ue
of which is 1. Alowdielectric constant is an inportant quality for
insulation to 35 possess when used to insulate an el ectrical conponent
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a greater

not |im tve@lo2/¢8283 5 surfactant to assi st
added to the polyimde as desired provided that no
above described properties is caused thereby. 10 14 WD 02/48243

r

since a |lower dielectric constant

i ndi cat es

esistance to electrical conductivity. Additives, including but

i n preparing theP€DENY1/4TB4S be
deterioration in the

PCT/ US01/ 47545 dains Wat is clained is: 5 1. An electrical conponent

insul ated by a

non-syntactic polyim fafﬁgn1that has a density of

about

0.15 g/cnB or nore. 2. An insul ated é$EC%rrcal conponent 10 according to
Claim21 wherein the polyimde foamhas a density of about 0.16 to about
0.32 g/cnB. AN ihsulated gleectrical conponent  according to daiml
wherein the polyimde foamhas a 15 heat resistance of at |east 250C 4.
An insul ated el ectrical conponent according to Claim1 wherein the

pol yi m desfoam has a conpressileetsticengidorponaht! eastil8+&aMdg at 20% 20

def ornati on,

conponent

10

15

20

25

30

a

or 1.5 MPa .at 40%.def.or mati on . .An insul ated el ectrical
EOB Y A8 SIS BOR™ REoF PRI SPaHhas o
diel ectric cehstant0.dt5 b/t of @BoB. or | ess but 25 greater than 1. 6. An
i nsul ated el ectrical conponent

2. An insulated electrical component
according to Claim 1 wherein the polyimide foam has
density of about 0.16 to about 0.32 g/cm’.

3. An insulated electrical component
according to Claim 1 wherein the polyimide foam has
heat resistance of at least 250°C.

4., An insulated electrical component
according to Claim 1 wherein the polyimide foam has
compressive strength of at least 0.8 MPa at 20%

deformation, or 1.5 MPa at 40% deformation.

5. An insulated electrical component
according to Claim 1 wherein the polyimide foam has
dielectric constant at 1 MHz of 2.00 or lesg but
greater than 1.

6. An insulated electrical component

according to Claim 1 wherein the polyimide is prepared

from an aliphatic diamine.

7. An insulated electrical component

according to Claim 1 wherein the polyimide is prepared

from an aromatic diamine.
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according to Caim1 wherein the polyimde is prepared froman aliphatic
diamne. 30 7. An insulated electrical conponent according to Caiml
wherein Weopeizyd mide is prepared froman aromatic di am PET/USE/47MD

02/ 48243 PCT/ USOL/ 47545 8. An insul ated el ectrical conponent according to
Claim1l wherein the polyimde is prepared froma polyisocyanate. 5 9. An
i nsul ated el ectrical conponent according to Caim1 wherein the polyimde

is a polyetherim de. . An i.nsul l.ectri.cal. conpaonent 10 according to
G aim1l wherein the el égg't r%@lm (‘)%%tg%gr]t%leggﬁ&ﬁgtls cé’fq"rggpﬁgttti ng current. 11.
An i nsul at ed aglcsptdiinenlt ¢ dhipame it whasedndithe tol@iaidel ishprepn risde

el ectrical compRNeNt, 113 LRAANGES al ternating current at high frequency.

12. An insul ated eléétﬁﬁbal conmponent according to Claim1l wherein the

el ectrical conponent is a radio frequency electrode. 20 13. An insul ated
el ectricas conponent accong NéstiQaCedl M1Ectrereiln cohgoakaet ri cal conponent

is a mcrowave generatqr. 25.14. An insul ated el ectri.cal. conponent
accor di ng toqﬁéﬁﬁﬁiﬁqéhﬂwgi?lph& gﬁﬁ%FPFC CEMSTERES 8 & plasma et cher
15. An arti celofetimmmifecteur e conprising an. 30 insulated el ectri cal
conponent according to any one of
10. An insulated electrical component
10 according to Claim 1 wherein the electrical component

conducts alternating current.

11. An insulated electrical component
according to Claim 1 wherein the electrical component
15 conducts alternating current at high frequency.

12. An insulated electrical component
according to Claim 1 wherein the electrical component

is a radio freguency electrode.

20
13. An insulated electrical component
according to Claim 1 wherein the electrical component
is a microwave generator.
25 14. An insulated electrical component

according to Claim 1 wherein the electrical component

is a plasma etcher.
15. An article of manufacture comprising an

30 insulated electrical component according to any one of
Claims 1-14.
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Clains 1-14. - 16 WO 02/48243 PCT/US01/ 47545 16. A nethod of insul ating
an el ectrical conponent conprising providing a non-syntactic polyimde

f oam haviwg oz4stensi ty of about 0.15 g/cnB or nore, and apETAReIg7545e
polyim de foamto the electrical 5 conponent as insulation. 17. A nethod
of reducing the electrical consunption of an electrical conponent
conprising providing a polyinide foan1having a density of about 10 0.15

g/cnB or nore, and appl.ying I m.to t he -el ect.ri_cal conponent
as insulation. 18. A n¥ ¢1 A o‘ﬁ [ ng na%gaé1 o%lecgcut i of an

el ectrode corqmmmm@ﬂ.tprmmmhmrw mw@mtaaommqammqhm foam havi ng a
density of abouf, :Qm.]t'i_’e SR TP d&i&figpl%ﬁ“aﬂ%&é“% Y ¢ mfecfoam to

the electrical "component as I nsul ation
more, and applying the polyimide foam to the electrical

5 component as insulation.

17. A method of reducing the electrical
consumption of an electrical component comprising
providing a polyimide foam having a density of about

10 0.15 g/cm’ or more, and applying the polyimide foam to
the electrical component as insulation.

18. A method of controlling the range of
output of an electrode comprising providing a non-
15 syntactic polyimide foam having a density of about 0.15
g/cm’ or more, and applying the polyimide foam to the

electrical component as insulation.
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